 Abstract-Heart murmurs are typically detected in newborns, in many cases due to the patent ductus arteriosus condition. Hence, providing an automatic tool for heart sound analysis can be helpful to physicians in the diagnosis of heart murmurs in newborns. In this paper we propose a novel method that performs segmentation and feature extraction, aimed at separating heart sound signals in two parts: innocent and pathological murmurs. The segmentation of heart sounds into single cardiac cycles (Systole and Diastole murmurs) uses wavelet transform and k-mean clustering. Feature values are evaluated after segmentation by using time and frequency measures. Sound signal encoding is carried out using Shannon energy, bispectrum, and Wigner bispectrum. A comparative analysis has shown differences in their capability of preserving discriminant information. Experimental results highlight that all cited techniques perform well; however, the best results have been obtained by using Wigner bispectrum.
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I. INTRODUCTION
Heart sound contains information which cannot be perceived by the human ear. Recent advances in data recording technology and digital signal processing have made it possible to record and analyze the sound signals from the heart. Two types of murmur can be observed during auscultation: pathological and normal, the latter being called in newborns innocent murmur.
Newborns often have heart murmurs that mostly originate from normal flow patterns with no structural or anatomic abnormalities of the heart or vessels. They are referred to as innocent, physiological or normal murmurs; Conversely, murmurs may be created by abnormal flow patterns in the heart and vessels, originate from a congenital heart disease -including regurgitation, stenosis of heart valves, left to right shunt lesions at the atrial, ventricular, or great arterial levels. However, the most common cause of murmur in newborns is when a specific condition called patent ductus arteriosus (PDA) occurs; it is often detected shortly after birth, most commonly in premature newborns. PDA is a potentially serious condition in which blood circulates abnormally between two of the major arteries near the heart, due to the failure of a blood vessel (the ductus arteriosis) between these arteries to properly close. In most cases, the only symptom of PDA is a heart murmur until the ductus closes on its own shortly after birth (this often happens in otherwise healthy newborns). Sometimes, especially in premature newborns, it may not close on its own, or it may be large and permit too much blood to pass through the lungs, which can place extra strain on the heart, forcing it to work harder and causing a rise in blood pressure in the arteries of the lungs. If this is the case, a medication or, rarely, surgery may be needed to help close the PDA.
An innocent murmur still orders an echocardiogram for reassurance, even though the cost of an echocardiogram is not negligible. The result of this practice is a misallocation of healthcare funds. While it is clearly important to avoid that healthy newborns are sent for echocardiogram (type-I error), it is also important to avoid that a newborn with pathological heart murmur is sent home without proper treatment (type-II error) [1] .
Furthermore, auscultation remains the primary tool for screening and diagnosis in primary health care. This is due in part to the higher cost and relatively limited availability of the equipment, and to the special skills necessary to administer and interpret the results of phonocardiography (PCG) and echocardiography. In some circumstances, particularly in remote areas or developing countries, auscultation may be the only means available. The problem of heart sound segmentation in the presence of murmur has been tackled in the last few years using different approaches. A homomorphic filter was introduced in [2] , and a decision-tree based segmentation strategy was suggested for the problem in [3] . Simplicity and strength computation was applied in [4] .
Many studies have been performed with the goal of providing tools for practical murmur detection and improving the diagnostic accuracy of physicians in small practice settings in time and frequency series. In particular, Ahlstrom et al. [1] investigated the issue of feature extraction for systolic heart murmur classification. For more information on the problem of diagnosing systolic heart murmurs see, for instance, McGee [5] .
Heart sounds have been recorded from newborns in other research activities, focusing on adult, child or infant [6] [7] . Different methods are used in time and frequency and time-frequency series for feature extraction of heart murmurs, the most important being spectral analysis [8] [9]. To, achieve a high-resolution result for heart murmurs analysis we used high order spectral methods, such as Bispectrum and Wigner Bispectrum. In this paper, we discuss some speech and audio processing techniques for analyzing heart sounds.
II. METHODS
Let us assume that encoding embodies pre-processing and feature extraction. In turn, pre-processing embodies filtering and segmentation activities. In this paper, we consternate on segmentation and feature extraction.
A. Pre-processing
Filtering: The first step of pre-processing is filtering heart sounds, with the goal of removing the unwanted noise. The recording of PCG usually has a sampling frequency higher than 8000Hz. In the event that the recording environment cannot be controlled enough, noise is coupled into the PCG. To avoid unpredictable effects brought by noise, filtering becomes important for later processing. Since the main spectrum of first and second (S1 and S2 respectively) heart sound occurs within the range of 200Hz, the system filters the original heart sound using 3rd order a band-pass filter Butterworth, with cut-off frequencies at 50Hz and 200Hz.
An electronic stethoscope has been used to record heart sounds, giving rise to a dataset at 44k Hz and converted to 4k Hz.
Segmentation: The second step of pre-processing for detecting systolic murmurs uses a segmentation method aimed at identifying the heart sound components S1 and S2 (See Fig. 1 ). Figure 1 . Sample of two-cycle heart sound, where components S1 and S2 are highlighted.
Currently, the detection can also be manually made to identify S1 and S2 we used an automatic procedure. The segmentation method is based on the timing between high amplitude components. The basis for this process is that the time interval that occurs between S1 and S2 (systole) is always smaller than the one between S2 and S1 (diastole).
Even after pre-processing, the actual heart sound signal still has very complicated patterns with numerous small spikes that have little impact on diagnosis but may influence the location of S1 and S2. Peak conditioning was performed for the obtained peaks using wavelet transform, which enabled the cycle detection process. Hence, to find peak location we used the Complex Morlet Wavelet (CMW) transfer (See Fig. 2) . This task is carried out by K-means, a non-hierarchical partitioning method that partitions the observations in the data into K mutually exclusive clusters, and returns a vector of indices indicating to which of the K clusters it has assigned each observation. K-means uses an iterative method that minimizes the sum of distances from each object to its cluster centroid, over all clusters.
This process moves objects between clusters until the sum cannot be decreased further. Clustering has been used to identify single cardiac cycles. Each class of heart sounds contains distinctive information that exists in time and frequency domains. The extraction of single cardiac cycle must be performed.
The systolic (S1-S2) and the diastolic (S2-S1) time intervals excluding, the S1 and S2 sounds, were calculated after the peak conditioning process. The calculated time intervals were clustered into two clusters. Two consecutive occurrences of cluster 1 (S1-S2) and cluster 2 (S2-S1) indicates a single cardiac cycle. The smaller time interval of a cycle is then identified as systole while the other interval as diastole. Consecutive cluster 1 or cluster 2 occurrences might be due to loss of peak, extra peak or due to equal systolic and diastolic intervals. Single cycles of PCG signals were extracted as shown in Fig. 3 for heart sound with Systolic murmur and Diastolic murmur, respectively [2] .
B. Feature Extraction
This phase is focused on extracting features of the signal that better highlight characteristic properties of the PCG signal, with the goal of diagnosing heart murmurs. In particular, each signal is represented by the features summarized in Table I . As Bispectrum and Wigner distributions have been very important for improving the classification, let us spend a few words on these techniques. Shannon energy: Shannon energy is another applicable method which we made use of. The calculation of the Average Shannon Energy is based on signal segments. Therefore, here we segment the data, 0.02 seconds and with a 0.01-second signal segment overlapping throughout the signal. The average Shannon energy is calculated as (see [10] for more information):
Bispectrum: The third-order spectrum, called bispectrum, is a particular example of higher-order spectrum, defined as the Fourier transform of third-order cumulants sequence. The power spectrum is member of the class of higher-order spectra. For the sake of completeness, let us recall that second order statistics such as autocorrelation and power spectrum provide important information in analysis of Gaussian, stationary and linear processes.
()
Higher order statistics, used in the analysis of Gaussian, stationary and non-linear processes, typically allow to obtained important results. Higher order statistics are calculated upon higher order moments (HOM) such as m 3 and m 4 , i.e., third and fourth order moment are defined as follows:
It is worth noting that moments give more accurate results in the analysis of deterministic signals, while cumulants give more accurate results in the analysis of random signals [11] . Power spectrum of random signals is defined in terms of DFT, i.e., discrete Fourier transform (see Equation 5 ).
In the event that the signal is a stationary random process with real values, we can write:
A diagonal slice of a single variable bispectrum for a special situation at which frequencies are equal can be defined as follows:
As bispectrum analysis is not easy to calculate, this slice of spectrum obtained from a bispectrum is used for giving an idea in the analysis of data that do not exhibit nonlinear or Gaussian distribution in the signal.
Wigner Bispectrum: Wigner high-order spectrum is an extension of Wigner-Ville distribution. It keeps the advantages of Wigner-Ville distribution and has also the advantages of High-Order Spectra. High-Order Spectra have been widely used in the non-gauss and nonstationary realm, which is quite applicable to PCG signals. In particular, by combining Wigner-Ville distribution, we could get the time-frequency characters at the same time. The study has proved that under low SNR circumstances, the Wigner Bispectrum (WHOS in the third-order moment domain) is better than Wigner-Ville distribution [12] .
The High-Order Spectra of Wigner-Ville Distribution of signal x (t) is defined as follows [13] :
represents the order k Fourier transform of a k-dimensional local function. Let us define R kt as follows:
where α is a delay of time. Now W kx can be defined as:
Finally, the definition of Wigner Bispectrum can be given as follows:
III. EXPERIMENTAL RESULTS
This section reports experimental results and discusses the applications of Shannon energy, Bispectrum, and Wigner bispectrum to the analysis and diagnosis of heart murmurs. Fig. 4 shows the result of applying Shannon energy to the diagnosis of heart murmurs. The frequency domain representations of these sounds make rather clear the differences between normal and pathological systolic murmurs. (Fig. 5a ) and a pathological (Fig. 5b) heart murmur. Fig. 5a clearly highlights the existence of significant peaks in the bispectra.
Thorough experimental, results show that the same kind of heart murmurs have significant similarities in their bispectra shapes and in the locations of peaks. Fig. 6 illustrates the Wigner bispectrum for normal and pathological heart sounds. Fig. 6 clearly highlights S1
and S2, together with the feature of heart murmur. For the sake of readability, they are put into deviance for separating innocent and pathological murmurs. 
IV. CONCLUSIONS
The analysis of heart sounds in newborns can be very useful for deciding to release or send them to echocardiogram. Hence, it is very important to devise an effective method for analyzing heart sound defects. This paper introduces a new method for heart sound segmentation, and feature extraction which is applicable even in presence of murmurs. Heart murmurs are diagnosed using several features, including Shannon energy, Bispectrum and Wigner bispectrum.
Further work is under way to improve feature extraction and classification. The proposed method is for high-volume screening of newborns. The software system depicted in this work can be considered a first release of corresponding diagnostic tool. pathological heart murmurs.
